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ABSTRACT

As the prevalence of overweight and obesity amongst Americans increases, there
is an increased risk in individuals for the development ofthe “metabolic syndrome.” The
“metabolic syndrome,” which is characterized by abdominal obesity, hypertension,
dyslipidemia, and insulin resistance, puts those diagnosed with it at an increased risk for
certain chronic illnesses, including Type II diabetes and coronary heart disease,

This

research investigates the possible correlates between obesity and the metabolic syndrome
in a group of 10-16 year-old African-American participants in the University of
Mississippi’s National Youth Sports Program (NYSP). The results show that there are
indeed correlates between obesity and the metabolic syndrome within the sample
population. One of those correlations is the inverse relationship between sedentariness
and measures of body fat.
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Correlates of Obesity and the Metabolic Syndrome in African-American Adolescents
Background
The United States has been plagued with an increasing weight problem. During
the last thirty years, as evidenced in Tables 1 and 2, the prevalence of overweight and
obesity within children and adolescents has more than tripled (Yanovski & Yanovski,
2003). Alongside this trend, increasing numbers of youth have become at risk for the
development of the “metabolic syndrome,” which is characterized by abdominal obesity,
hypertension, dyslipidemia, and insulin resistance (Cook et al., 2003). Individuals
diagnosed with metabolic syndrome are at an increased risk of developing certain chronic
illnesses, including coronary heart disease, peripheral artery disease, and especially Type
II diabetes. This study investigates the possible correlates between obesity and the
metabolic syndrome in a group of 10-16 year-old participants in the University of
Mississippi’s National Youth Sports Program (NYSP). This investigation will help
determine the direction of subsequent experiments and studies, which may establish
causal relationships among variables of obesity and the metabolic syndrome. This, in
turn, may potentially lead to targets in the prevention and treatment ofchildhood obesity.
Obesity is caused by multiple physiological, psychological, and social factors.
One of the emerging factors is stress, which triggers a chain of events leading to obesity
(Bjomtorp, 2001). In adults, it has been shown that cortisol, which is found in increased
levels as a result of stress, inhibits the lipid mobilization system while in the presence of
insulin. Cortisol, which is a hormone released by the adrenal glands in response to stress,
can interfere with the lipid mobilization process, specifically with the feedback system
involving leptin and the brain. This mobilization inference favors fat accumulation.
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particularly in the abdominal region (Rosmond, 2003). Another link between stress
reactivity and obesity has been observed in women with a high waist-to-hip ratio, which
indicates abdominal obesity.

When exposed to laboratory stressors, these women

secreted more salivary cortisol than women with a low waist-to-hip ratio (Moyer, Rodin,
Grilo, Cummings, Larson, & RebufFe-Scive, 1994).

This stress reactivity-obesity

relationship, though evident in adults, has yet to be examined in children or adolescents.
Other factors that show potential association with childhood obesity have been
studied; these include fitness level and sedentariness. Several studies have shown that
higher fitness levels in youths were associated with lower levels of body fat (Gutin,
Islam, Manos, Cucuzzo, Smith, & Stachura, 1994; Johnson, Figueroa-Colon, Herd,
Fields, Sun, Hunter, & Goran, 2000).

However, other studies have reported no

relationship between physical activity and body weight in youths (Goran, Hunter, Nagy,
& Johnson, 1997; Klesges, Haddock, & Eck, 1990). The role of sedentariness in
childhood obesity was observed in the Framingham Children’s Study. The study’s data
showed that children who were the most inactive and watched the most television had the
greatest gains in body fat (Proctor, Moore, Gao, Cupples, Bradlee, Hood, & Ellison,
2003).
Research Design
This research was a cross-sectional study with each subject participating in an
orientation session and two to three laboratory testing sessions over a one-week period.
Each subject was measured for body composition (body fat percentage, total fat mass.
BMI) and risk factors for the metabolic syndrome (low HDL-cholesterol, elevated
triglycerides, blood pressure, fasting glucose, and waist circumference). These measures
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served as the dependent variables.

The independent variables are stress reactivity

(change in salivary cortisol in response to psychological stressors and a noontime meal),
perceived chronic stress (Life Events Questionnaire for Adolescents, LEQA), state-trait
anxiety (State-Trait Anxiety Inventory for Children, STAIC), aerobic fitness (maximal
treadmill test), physical activity (7-day recall), sedentariness (previous day’s recall of
TV/computer game use), diet (food frequency questionnaire), pubertal status (Tanner
scale), socioeconomic status (Hollingshead Four Factor Scale), and race (self-designation
by parents/guardians).
Methods
Subject Recruitment
The target subjects for this study were youth participants in the 2004 National
Youth Sports Program (NYSP)at the University of Mississippi. The initial and primary
mode of recruitment was a flyer, shown in Figure 1, which was handed out to the children
and mailed to their parents. The benefits of the study were a fi*ee assessment of a child’s
health and up to $20 in WAL-MART gift certificates, $5 for each day the child
participated. Another means ofrecruitment was word-of-mouth.
Data Collection
During an orientation session, parents accompanied the child subjects and were
provided detailed information about the research study. The parents were required to fill
out a Health History Questionnaire and provide information regarding race and
socioeconomic status. The parents completed consent forms while the child subjects
completed assent forms. Once all forms were filled out, a schedule for data collection
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was made for each child. Also, each child was assigned an identification number, which
would be used in data collection instead of his/her name.
The first day of data collection began with the subject’s height and weight being
taken using a standard doctor’s scale. Waist circumference (a measure of abdominal
obesity) was measured at the midpoint between the bottom of the rib cage and the top of
the iliac crest with the subject in the standing position(Cook et al., 2003). To determine
the sexual developmental stage, the subject completed the Tanner scale self-evaluation.
It was important that the child feel as though filling out the Tanner scale was anonymous
or obscure.

Next, body composition was determined using the dual energy x-ray

absorptiometry(DXA)scan. Prior to the DXA scan, female subjects completed a urine
pregnancy test (only upon finding negative results, would testing continue).

The

subject’s physical activity was estimated using a 7-day recall procedure. The subject’s
dietary habits were determined using the Tidwell Dietary Recall. The last activity of the
day’s data collection was the psychological stressor. Stress reactivity was assessed fi*om
the subject’s salivary cortisol responses to this activity. Throughout the psychological
stressor, heart rate(HR)and blood pressure(BP) measurements (using the Colin STBP680), salivary cortisol samples, and State-Anxiety Inventory for Children (STAIC) were
recorded at varying time intervals according to the protocol found in Table 3. The
STAIC was used to determine the child’s perceived level of stress and could be used to
compare against the cortisol response. The procedure follows. The subject was allowed
to rest and watch a non-violent nature video for fifteen minutes. Following the rest
period, the subject engaged in a computer challenge, consisting of alternating two-minute
intervals testing reaction time and mental arithmetic. The reaction time intervals
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consisted of the subject’s quickness in responding to appropriate auditory prompts. The
mental arithmetic intervals consisted of subtracting one digit numbers from two digit
numbers. The computer program adjusted the problems’ level of difficulty based upon
the subject’s success. Throughout the computer challenge, the subject was encouraged to
work faster as a running total of points was displayed on the computer screen. Also, the
subject was shown a list of top scores to beat, thus adding to the psychological stress
level of the activity. After the 16-minute computer challenge, the subject underwent a
sixty-minute rest period while watching a non-violent nature video. After the rest period,
data collection ended for the day.
The second day of data collection began with a fasting blood sample being drawn
from the subject by a trained phlebotomist. The blood was analyzed for total cholesterol,
HDL-cholesterol, triglycerides, glucose, insulin, leptin, and adiponectin. Following, the
subject was given a snack consisting of orange juice, a banana, and a Nutri-grain® bar.
The subject then completed the Youth Adolescent Questionnaire(YAQ)to further assess
dietary behavior and the Life Events Questionnaire to measure perceived chronic stress.
Sedentariness was assessed using a questionnaire that required the subject to recall the
amount of time spent during the previous day watching TV/video and playing
video/computer games. Next, the subject was allowed to rest as three resting blood
pressure measurements were obtained using a mercury sphygmomanometer and a
stethoscope. The final activity of this day’s data collection was a measurement ofaerobic
fitness. Using the Bruce treadmill protocol on a motor-driven treadmill(Quinton ST-55),
oxygen consumption was measured with ParvoMedics TrueOne® 2400 series metabolic
cart (ParvoMedics, Sandy, UT). During the last minute of each three-minute stage of the
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test, blood pressure was read and the subject gave a rating of perceived exertion(RPE)on
the 10-point Borg scale (Borg, 1982). Throughout the test, the subject was verbally
encouraged to give a maximal effort, and upon reaching that level (at the subject’s
signal), testing ended, and the subject was allowed to cool-down by continuing to walk
for several minutes.
The third day of data collection began with a pre-breakfast saliva collection done
at the subject’s home. Following this initial saliva collection, the subject ate a pre
assembled breakfast consisting of Rice Krispies® cereal, low fat(2%)milk, orange juice,
and a banana. The subject was then transported to the research facilities, where a meal
stressor was conducted. During the meal stressor, salivary cortisol samples, STAIC
responses, and heart rate (HR) and blood pressure (BP) measurements were recorded
according to the protocol in Table 4. For forty-five minutes, the subject watched a non
violent nature video. After the rest period, at noon, the subject was provided a lunch
consisting of a ham or turkey sandwich with cheese, mayonnaise, lettuce and tomato, a
single-serving bag of chips, fhiit juice, an apple and water with the amounts and
proportions of foods providing the subject with approximately 30% of his/her dailyrecommended caloric intake. The lunch was consumed in its entirety, and a sixty-minute
post-meal period of data collection began at 12:30 p.m. Once the meal stressor ended,
the subject was given collection tubes for two additional salivary cortisol samples to be
collected at home that same evening, one collected just prior to the evening meal and the
other just prior to going to bed.
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Data Analysis
Throughout the study, data that had been collected on paper data collection sheets
was transferred to a file in Microsoft Excel based upon set definitive symbols and
standards. The parameters ofthe file were defined prior to any data collection. Once all
of the data on every participant had been recorded in the Excel file, the file, in its entirety
was transferred to the SPSS Program for further analysis. All ofthe following statistical
measures were performed within SPSS.
The mean ± standard deviation for the biometric characteristics ofthe participants
were reported. ANOVA (2 x 2)was used to examine differences related to sex and race
among the several variables. Repeated measures ANOVA was used to examine changes
across time in heart rate, blood pressure, cortisol, and STAJC. The criterion for statistical
significance for the above analyses was set at a/? value less than or equal to 0.05.
To analyze the correlational relationship between variables, Pearson correlations
were calculated. The variables investigated this way included bivariate associations
between percent body fat and the following predictor variables:(a) percent change in
heart rate, blood pressure, STAIC,(b)perceived chronic stress,(c)aerobic fitness
(V02peak),(d) physical activity(kilocalories expended per week),(e)sedentariness
(minutes during previous day),(f) dietary intake,(g)pubertal status,(h)sex,(i)
socioeconomic status(SES), and (j) race.
Results
In terms ofrecruitment, there was some difficulty, thus the results are inclusive of
only fifteen African American subjects, as a maximum. Throughout the study, subjects
were allowed to withdraw themselves at any time; this resulted in a varying number of
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subjects for each procedure within the protocol. The research participants were generally
characterized by the descriptive variables listed in Table 5. The mean age ofthe
participants was 11.5 years, which was within our target age range often to sixteen years.
It was also notable that the mean height, 60.0 inches, and mean weight, 123.7 pounds,
were related within the proper range for corresponding values. The mean percent body
fat of 26.2% was slightly more than the average person ofthat same height, the mean
value. The subjects reported a mean Tanner Scale rating of3.6 out of5, which shows
that as a group, they were relatively developed sexually. It must also be noted that the
mean values for socioeconomic status and physical activity at 2.9 and 8.4 hours/week,
respectively are slightly below average. In terms ofthe dietary variable used to describe
the subjects, percent kilocalories from fat, the mean value was 33.4%. The mean chronic
stress(LEQA)response was 15.1, and the mean maximum volume ofoxygen exhalation
was 36.3 mL/kg/min.
An important task in the study was identifying the individual subjects meeting the
criteria for the metabolic syndrome. In Table 6, the data shows the number ofsubjects
that exceed each particular criterion for the syndrome. The most recurrent characteristic
of the metabolic syndrome present in the subjects was a high waist circumference. Little
evidence of elevated diastolic blood pressure(DBF)was observed. Since diagnosis of
the metabolic syndrome requires an individual to possess three or more ofthese criteria,
only one ofthe research participants could be classified as having the metabolic
syndrome.
The results ofthe investigation into the correlates of percent body fat and various
descriptive variables are listed in Table 7. Since the criterion for significance was
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r
determined by a

value of less than 0.05, the only significant statistical correlations with

percent body fat were VO2 max and Cortisol Meal Stressor. For VO2 max with aP value
of0.01, that correlation was -0.76, which indicates that as the percent body fat increased,
the maximum volume of oxygen consumed decreased during the aerobic fitness test. In
general, as the body fat in adolescents increased, their aerobic fitness decreased. In terms
of the cortisol response to the meal stressor, its correlation with percent body fat was
significant because of a/? value of0.04. This correlation suggests that as the percent
body fat increased, so did the cortisol response to consumption ofa meal.
The heart rate results ofthe computer challenge, which was created to induce
stress, are shown in Figure 2. During the resting stage ofthe challenge, in which research
participants watched a nature video, the heart rate measurements were substantially lower
than those measured during the challenging response time and arithmetic sections. In
Figure 3, the results for the blood pressure response to the computer challenge are shown.
In Figure 4, the results of the STAIC are shown. Participants, filling out the STAIC
questionnaires themselves, seemed to have generally rated their level ofstress

or

discomfort considerably lower than the physiological results suggested. Figure 5 shows
the cortisol response to the computer challenge. These results show that as the
participants went from the resting stage to the challenging stage, their cortisol levels
increased.
The results firom the meal stressor are shown in Figure 6. According to the trends
in these results, the cortisol response to the meal stressor was anticipated. During the
resting stage, the cortisol level was relatively low. However, after the meal had been
digested, there was a peak in the cortisol level at 15 minutes after that consumption.
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Then as time passed, the cortisol level slowly decreased. Throughout the day, the body’s
cortisol level is on a natural decline, which is evidenced by general downward slope that
appears in Figure 6.
The correlates of waist circumference, a characteristic of metabolic syndrome.
were also examined. Table 8 shows the correlational relationships of waist
circumference. The correlation between waist circumference and physical activity is
statistically significant, with ap value of0.04; however,the correlation, 0.25, is relatively
low.
Further investigation into data collected from the subjects resulted in the
comparison oftwo groups based on waist circumference - one group with high waist
circumferences and another group with normal waist circumferences. The descriptives of
these groups are shown in Table 9, and the results are shown in Table 10. The mean
waist circumference for the normal group was 64.1 centimeters whereas the mean waist
circumference for the high group was 87.8 centimeters, more than 20 centimeters greater.
In the group comparison results, there were no significant differences.
The results of the sedentariness data collection are shown in Tables 11 and 12.
The subjects reported a mean sedentary value of5.5 hours per day. Table 12 shows the
correlates of sedentariness with the measures ofobesity tested - all of which were
statistically significant.

As sedentariness increased,these variables, percent body fat,

waist circumference, and body mass index, decreased.
Discussion
The main findings ofthis research include the low prevalence ofthe metabolic
syndrome within the sample population; only one ofthe fifteen participants met the
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criteria for diagnosis. However, it was evident that the majority ofthe participants met
the criteria for being overweight. Ofthe results, the most intriguing concerned the
correlations between sedentariness and the measures ofobesity-percent body fat, waist
circumference, and body mass index. It would have been expected that as sedentariness
increased, measures of obesity would follow in increasing; however,these results are to
the contrary. A previous study had examined similar trends among ethmc differences
(Gordon-Larsen, Adair, Popkin, 2002). The other racial groups tested in the study.
Whites, Asians, & Hispanics, followed obesity and inactivity trends that would be
expected; whereas the non-Hispanic blacks tested showed contrasting results. That study
attributed these unexpected results to a variety ofsocioeconomic, environmental, and
cultural factors. Since there are so many factors that play a role into every individual
subject, one can only attempt to delve into the cultural, socioeconomic, and
environmental aspects that may have contributed to this trend among African American
adolescents.
There were several aspects ofthe research that were ofconcern. First, the subject
recruitment methods were not very successful. Choosing to use participants ofthe NYSP
2004 only may have limited our approach to recruiting subjects. Since the study only had
fifteen subjects, its validity in certain areas is questionable. Also, all ofthe subjects in
the study were African American, thus limiting the ability ofthese results to be
generalized across races.
A natural continuation of this study would include more subjects from diverse
backgrounds. For example, it could be expanded to include participants from different
racial backgrounds. For any type of expansion to happen, subject recruitment techmques
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must be examined and revised to maximize their effectiveness. It must also be noted that
resources did not allow for thorough investigation into the blood samples collected. The
likely succession would be to examine the blood for its levels of blood proteins,
particularly leptin and adiponectin, which have been closely associated with the amount
of fat stored within the body.
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Table 1

Obesity Trends Among Children, Ages 6 to 11
Increase in Obesity Prevalence(%)
Among U.S. Children(Ages 6 to 11)
Males

Females

1999 to 2000

16

14.5

1988 to 1994

11.6

11

1971 to 1974

4.3

3.6

Source: CDC,National Center for Health Statistics, National
Health and Nutrition Examination Survey. Ogden et. al. JAMA.
2002;288:1728-1732.
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Table 2 - Obesity Trends Among Adolescents, Ages 12 to 17
Increase in Obesity Prevalence(%)
Among U.S. Adolescents(Ages 12 to 19)
Males

Females

1999 to 2000

15.5

15.5

1988 to 1994

11.3

9.7

1971 to 1974

6.1

6.2

Source: CDC,National Center for Health Statistics, National
Health and Nutrition Examination Survey. Ogden et. al. JAMA.
2002;288:1728-1732.
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Figure 1 -NYSP Recruitment Flyer

Parents & NYSP 2004 Participants...
July 26 - 31 will be the last opportunity to participate in our project called ...

Healthy Development During Adolescence:
A Study of Exercise, Diet, and Lifestyle Habits
his study will provide parents with a free assessment of their child’s:
Dietary Habits
Physicai Activity Habits
TV Viewing Habits
Aerobic Fitness Level
Cholesterol Level
Bone Density
Percent Body Fat
Blood Pressure
Stress Hormone Levels
Free transportation to and from campus provided
Children will be awarded a S5 WAL-MART gift certificate for each day they participate
in this 3-4 day project
For more information, interested parents shouid contact:

Dr. Scott Owens, Project Director
Phone: 915-5527
Office Location: 220 Turner Center, University of Mississippi
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Table 3 - Protocol for Stress-Reactivity to Psychological Stressor(Computer Challenge)
Time

Task

Measurements

Min 0

Rest

Cortisol, HR,BP,STAIC

Min 5

Rest

HR,BP

MinlO

Rest

HR,BP

Minis

Rest

Cortisol, HR,BP,STAIC

Min 2

Reaction Time

HR,BP

Min 4

Mental Arithmetic

HR,BP

Min 6

Reaction Time

HR,BP

Min 8

Mental Arithmetic

HR,BP

Min 10

Reaction Time

HR,BP

Min 12

Mental Arithmetic

HR,BP

Min 14

Reaction Time

HR,BP

Min 16

Mental Arithmetic

HR,BP

Min 17

Immediate Post

Cortisol, STAIC

Min 31

Rest

Cortisol, HR,BP

Min 46

Rest

Cortisol, HR,BP,STAIC

Min 61

Rest

Cortisol, HR,BP

Min 76

Rest

Cortisol, HR,BP,STAIC
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Table 4 - Protocol for Stress-Reactivity to a Noontime Meal
Location

Time

Task

Subject’s Home

7:30 AM

Pre-breakfast cortisol

Subject’s Home

8:00 AM

Complete breakfast

10:00 AM

Pick-up

Measurements
Cortisol

Transportation to
research facilities
(Turner Center lab)

11:00 AM

Arrival

Cortisol, HR,BP,STAIC

11:45 AM

Rest

Cortisol, HR,BP

11:55 AM

Rest

HR,BP

44

12:00 PM

Rest

Cortisol, HR,BP,STAIC

44

12:30 PM

Complete Lunch

44

12:32 PM

Rest

HR,BP,STAIC

44

12:45 PM

Rest

Cortisol, HR,BP

44

1:00 PM

Rest

Cortisol, HR,BP

44

1:15 PM

Rest

Cortisol, HR,BP,STAIC

44

1:30 PM

Rest

Cortisol, HR,BP

Subject’s Home

5:00 PM

Pre-dinner cortisol

Cortisol

Subject’s Home

9:00 PM

Bedtime cortisol

Cortisol

Applied Phys Lab

44
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Table 5 - Descriptive Variables ofSubjects
Variable

Mean

Standard Deviation

Age

11.5

1.9

Height (in.)

60.0

5.7

Weight(lb.)

123.7

36.3

% Body Fat

26.2

10.8

Tanner Scale

3.6

1.2

SES

2.9

1.4

Physical Activity(hours/week)

8.4

3.9

Diet(% kcal from fat)

33.4

4.6

Chronic Stress(LEQA)

15.1

12.4

V02max (mL/kg/min)

36.3

10.3
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Table 6 - Number of Subjects Exceeding Criteria for the Metabolic Syndrome
Glucose
^lOmg/dL

HDL
^0 mg/dL

Waist

Tg

Circumference

^lOmg/dL

SBP
th

DBP
th

^0

^0

^0 percentile

percentile

percentile

6

1

0

th

1

1

2

19
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Table 7 - Correlates of Percent Body Fat
Variable

Correlation

Significance(P value)

Tanner Scale

0.17

0.53

SES

-0.11

0.70

Physical Activity (hours/week)

0.38

0.16

Diet(% kcal from fat)

0.45

0.09

Chronic Stress(LEQA)

0.18

0.51

V02max (mL/kg/min)

-0.76

0.01

Cortisol(AUC)Meal Stressor

0.79

0.04

20

Figure 2 - Response of Heart Rate to Psychological Stressor / Computer Challenge
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Figure 3 Response of Blood Pressure(MAP)to Psychological Stressor / Computer
Challenge
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Figure 4 - Trends in STAIC Response during Psychological Stressor / Computer
Challenge
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Figure 5

Salivary Cortisol Response to Psychological Stressor / Computer Challenge
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Figure 6

Salivary Cortisol Response to Meal Stressor
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Table 8 - Correlates of Waist Circumference
Variable

Correlation

Significance {p value)

Tanner Scale

0.20

0.48

SES

-0.05

0.60

Physical Activity (hours/week)

0.25

0.04

Diet(% kcal from fat)

0.16

0.57

Chronic Stress(LEQA)

0.26

0.35

V02max (mL/kg/min)

-0.04

0.15

Cortisol(AUC)Meal Stressor

0.04

0.98
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Table 9 - Descriptives of High vs. Normal Waist Circumference Groups
Group

Number of Subjects

High Waist Circumference

6

87.8

9.2

Normal Waist Circumference

9

64.1

5.6

27
j ..

Mean(cm) Standard Deviation

Table 10 - High vs. Normal Waist Circumference Group Comparisons
High Waist

Normal Waist

Circumference

Circumference

Tanner Scale

3.7 ±1.4

3.6±U

Physical Activity (hours/week)

9.4 ±3.8

7.8 ±4.1

Diet(% Real from fat)

35.2 ±4.0

32.2 ±4.9

Chronic Stress(LEQA)

15.7±11.0

14.8 ±13.9

V02max (mL/kg/min)

31.3 ±7.6

39.4 ±10.9

Variable

28
j

Table 11 - Descriptives of Sedentariness
Mean (hours / day)

Standard Deviation

Range

5.5

2.2

0.75-9.0
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Table 12 - Correlates of Sedentariness
Obesity Variable

Correlation Coefficient

Significance(p value)

Percent Body Fat

-0.52

0.05

Waist Circumference

-0.61

0.02

Body Mass Index (BMl)

-0.57

0.03

30
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